Aims. The INTEGRAL mission provides a large data set for studying the hard X-ray properties of AGN and allows testing of the unified scheme for AGN.
Introduction
The extragalactic X-ray sky is dominated by active galactic nuclei (AGN), which are commonly assumed to host an accreting supermassive black hole in the centres of galaxies. X-ray spectroscopy has been vital in the study of the AGN phenomenon, because it probes the condition of matter in the vicinity of the black hole. One model for the X-ray emission is that of a hot corona lingering on top of the inner accretion disc of the black hole and emitting inverse Compton radiation from disc photons that have been upscattered by energetic electrons. Another model assumes a disc with a hot inner advection-dominated accretion flow (ADAF; e.g. Abramowicz et al. 1996) . An alternative model for the accretion process onto black holes is that of clumpy accretion flows (e.g. Guilbert & Rees 1988) 
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Send offprint requests to: V. Beckmann ⋆ All tables of this paper are also available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/ & Türler (2005) assume that the different elements (clumps) of the accretion flow have velocities that may differ substantially. As a consequence, collisions between these clumps will appear when the clumps are close to the central object, resulting in radiation.
Because optical spectroscopy distinguishes between two main types of low-luminosity AGN, the broad-line Seyfert 1 and narrow-line Seyfert 2 objects, a similar distinction is apparent between unabsorbed sources with on-average softer Xray spectra and the flatter spectra of absorbed sources. This has been noticed by Zdziarski et al. (1995) , based on Ginga and CGRO/OSSE data and later confirmed e.g. by Gondek et al. (1996) using combined EXOSAT, Ginga, HEAO-1, and CGRO/OSSE spectra, and by Beckmann et al. (2006) using INTEGRAL IBIS/ISGRI data of AGN above 20 keV. A study of BeppoSAX PDS spectra of 45 Seyfert galaxies has come to a similar conclusion, although the spectra of Seyfert 2 appeared steeper when considering a possible cut-off in the spectra of Seyfert 1 galaxies (Deluit & Courvoisier 2003) . X-ray data al-ready show that most, but not all, AGN unabsorbed in the X-rays are Seyfert 1 type, and most, but not all, AGN that are absorbed belong to the Seyfert 2 group (e.g. Awaki et al. 1991) .
Thus a longstanding discussion has been, whether these two groups indeed represent physically different types of objects, or whether they can be unified under the assumption that they are intrinsically the same but seen from a different viewing angle with respect to absorbing material in the vicinity of the central engine (e.g. Antonucci 1993) , and that the difference in X-ray spectral slope can be explained solely by the absorption and reflection components. This unified model naturally explains the different Seyfert types in a way that the broad-line region is either visible (Seyfert 1) or hidden (Seyfert 2) possibly by the same material in the line of sight as is responsible for the absorption detectable at soft X-rays (e.g. Lawrence & Elvis 1982) . On the other hand, the model has some problems explaining other aspects of AGN, for example, that some Seyfert galaxies change their type from 1 to 2 and back, but also the observation that Seyfert 2 objects exhibit flatter hard X-ray spectra than Seyfert 1 even in the energy range > 20 keV, where absorption should not play a major role unless N H ≫ 10 24 cm −2 . Also, the existence of Seyfert 2 galaxies that show no absorption in the soft X-rays, like NGC 3147 and NGC 4698 (Pappa et al. 2001 ) cannot be explained by the unified model.
Lately, two hard X-ray missions have provided surveys at > 20 keV with enough sky coverage to be suitable for population studies of AGN. One is the NASA-led Swift mission (Gehrels et al. 2004) launched in 2004, the other one the ESA-led INTEGRAL satellite (Winkler et al. 2004) , launched in October 2002. Due to its observation strategy of followingup gamma-ray bursts, Swift/BAT (Barthelmy et al. 2005) provides a more homogeneous sky coverage in the 15-195 keV energy range, while the hard X-ray imager IBIS/ISGRI onboard INTEGRAL is more sensitive and extends up to several hundred keV with better spectral resolution. INTEGRAL provides broad-band coverage through the additional X-ray monitor JEM-X in the 3-30 keV range (Lund et al. 2003) and provides photometry with the optical camera OMC in the V-band (Mas-Hesse et al. 2003) .
The AGN surveys provided by Swift/BAT and INTEGRAL IBIS/ISGRI (Beckmann et al. 2006b have already led to the discovery that the fraction of absorbed and Compton thick sources is less than expected from cosmic X-ray background synthesis models (e.g. Treister & Urry 2005 , Gilli et al. 2007 . With the ongoing INTEGRAL mission, it is now possible to compile a large sample of AGN for spectroscopic and correlation studies and to probe the unified model for AGN. The data analysis is described in Sect. 2, the average properties of the AGN in the sample in Sect. 3, the discussion of the properties in the view of unified models in Sect. 4, and we end with the conclusions in Sect. 5. Notes on individual sources can be found in the appendix (Sect. A).
Data analysis
The list of AGN presented here is based on all INTEGRAL detections of AGN reported in the literature, therefore enter into the INTEGRAL general reference catalogue 1 (Ebisawa et al. 2003 , Bodaghee et al. 2007 . It has to be pointed out that for many 1 for the latest version of the catalogue see http://isdc.unige.ch/index.cgi?Data+catalogs Fig. 1 . INTEGRAL -detected AGN during the first 5 years of the mission. As unidentified we mark those sources where the AGN type has not been determined yet.
sources, we present the first INTEGRAL spectral analysis, because Bodaghee et al. (2007) , Sazonov et al. (2007) , and Bassani et al. (2006) did not include spectral analysis, and Beckmann et al. (2006) discussed a sample of 38 AGN based only on 1.3 years of INTEGRAL data. With the INTEGRAL mission continuing smoothly, most of the sky has been observed in the first 5 years of operations, leading to a rather uniform sky distribution of detected AGN, as shown in Fig. 1 . For each extragalactic source, we analysed the IBIS/ISGRI, JEM-X, and OMC data from the early mission (revolution 26 starting on 30 December 2002) up to spacecraft revolution 530 (ending on 17 February 2007), covering more than 4 years of data. To include only high-quality data, the selection considers ISGRI data taken at an off-axis angle smaller than 10
• and includes only those observations that lasted for at least 500 sec. Analysis software used in this work is version 7 of the Offline Standard Analysis Software (OSA) provided by the ISDC Data Centre for Astrophysics . For each source, imaging analysis was performed to determine the significant sources in the field around the AGN. Taking their fluxes into account is important when analysing data from coded-mask instruments, because all sources in the field add to the background of the source of interest. Then standard spectral extraction was used, considering all significant sources in the field.
For the X-ray monitor JEM-X, a similar selection of data was performed, using a maximum off-axis angle of 3
• due to the smaller field of view compared to IBIS. The much lower effective exposure time when compared to IBIS/ISGRI (Table 1) results in only 23 detections of AGN by JEM-X with a significance > 5σ. For JEM-X, spectra were extracted from the mosaic images, since this procedure is more reliable for faint sources than the standard spectral extraction in OSA 7.
Naturally, some sources reported in the literature do not show up significantly in the data analysed here, because they were observed after February 2007, or they are, like the blazar class, highly variable and therefore do not give a significant detection in the combined data set. The 199 AGN reported to be found in INTEGRAL data are listed in Table 1 , together with their redshift, position (J2000.0), and their effective exposure time in IBIS/ISGRI and JEM-X for the data set used here. Twelve sources, which were reported in the literature but gave a detection significance < 3σ in the data presented here are listed Beckmann et al.: The second INTEGRAL AGN catalogue 3 in Table 1 and marked by an x. These objects are not considered in the following analysis. All errors given in this paper are at the 1σ level.
Black hole masses
We also include in Table 1 the black hole masses of the central engine and the method used to determine them, as found in the literature. Different methods can be used to estimate the mass of the central black hole M BH in an AGN or a normal galaxy, most of them still carrying fairly large uncertainties. Nevertheless, considering the importance of the black hole mass in studying the properties of these objects, we decided to include a compilation of the mass estimates from the literature as the best guess that can be provided at present for each object in this catalogue.
We have included masses estimated from gas and/or stellar kinematics in the nuclear region of the galaxy, in the presence (method 'M', see e.g. Greenhill 1997) or not ('K', Hicks & Malkan 2008) of a water maser, from assuming virialized motions of the broad line region (BLR) clouds, either using the reverberation-mapping technique ('R', Kaspi et al. 2000) or estimating the size of the BLR from the emission line luminosity (of the Hβ line usually; 'LL', Wu et al. 2004) or from the optical continuum luminosity (usually measured at 5100 Å; 'CL', Kaspi et al. 2000) . Other methods are based on the empirical relation between the black hole mass and the stellar velocity dispersion σ s , using either direct measurements of the latter ('S', Ferrarese & Merritt 2000) or indirect estimates of σ s from the width of the [O III] line ('SO', Greene & Ho 2005) or from the morphological parameters of the bulge ('SB', O'Dowd, Urry, & Scarpa 2002) . Some estimates use the bulge luminosity ('B', Wandel 2002) , the K-band stellar magnitude (assuming that it is dominated by the bulge; 'KM', Novak, Faber & Dekel 2006) , the X-ray variability time scales ('X', Gierliński, Nikolajuk & Czerny 2008) , or the properties of outflowing warm absorber clouds ('W', Morales & Fabian 2002) . Whenever the uncertainty on the estimate of the black hole mass is not available in the reference paper, we assumed a conservative one following the typical uncertainties of the method used for the mass measurement.
The most reliable methods are those involving direct measurements of gas and stellar kinematics, with average uncertainties in the range 0.15-0.3 dex, reaching 0.1 dex or less when water maser emission is detected (see Vestergaard 2004 for more details). Also the reverberation mapping technique provides black hole masses with accuracy around 0.15-0.3 dex, which drops to values of 0.4-0.5 dex and even to 1 dex when the radius of the BLR is estimated from the emission line or the continuum luminosity. Masses estimated from the stellar velocity dispersion can have uncertainties around 0.3 dex when σ s is directly measured, while indirect measurements of σ s result in much less precise estimates (≥ 0.7 dex). Larger uncertainties are provided by the other methods mentioned above, 0.5-0.6 dex for method 'B', 0.5-1 dex for 'X' (Awaki et al. 2005) , 0.5 dex for 'KM' , and only upper limits can be derived with the method based on outflowing warm absorber clouds.
X-ray spectral fitting
For all 187 objects with a detection significance above 3σ in the IBIS/ISGRI 18-60 keV energy band, spectral analysis was performed using an absorbed power law with N H fixed to the value reported in the literature (Table 2 ) and adopting XSPEC version 11.3.2 (Arnaud 1996) . When the significance was below 5σ, the photon index was fixed to Γ = 2. The N H value used for the fitting is the intrinsic absorption plus the Galactic hydrogen column density, whereas in Table 2 only the intrinsic absorption is reported. In cases where no absorption information was found, Swift/XRT and XMM-Newton data were analysed to determine the level of absorption. For those objects detected only at a low significance level (i.e. between 3 and 5σ), the photon index was fixed to Γ = 2.0 in order to extract a flux value. Table 2 gives the fit results to the IBIS/ISGRI data. Fluxes are model fluxes according to the best-fit result. In the cases where a cut-off power law model gave a significantly better fit to the ISGRI data we set the Γ column to 'C'. For these 12 objects, the fluxes reported are based on the best-fit model reported in Table 3 . These 12 sources and all sources that gave a high IBIS/ISGRI detection significance of > 30σ are also discussed in more detail in Appendix A.
The JEM-X spectra of the 23 AGN detected by the X-ray monitor were fit with the IBIS/ISGRI data and results reported in Table 4 . As for the ISGRI spectra alone, we also did not fit the absorption values in the case of the combined JEM-X/ISGRI spectra, because the JEM-X data starting at 3 keV did not allow a significant constraint on N H in most cases. In cases where the flux of the source varied significantly, so no combined fit could be performed resulting in χ 2 ν < 2, only simultaneous data were used (e.g. in the case of NGC 4388). For two AGN, NGC 1275 and IGR J17488-3253, a more complex model than an absorbed cut-off power law was required to represent the combined JEM-X and IBIS/ISGRI data (see Appendix A).
Optical data
Optical data in the V band are provided by the optical monitoring camera (OMC). Data were extracted from the OMC Archive 2 getting one photometric point per shot. The photometric apertures were centred on the source position, as listed in version 5 of the OMC Input Catalogue (Domingo et al. 2003) . The fluxes and magnitudes were derived from a photometric aperture of 3 × 3 pixels (1 pixel = 17.504 arcsec), slightly circularized, i.e. removing 1 4 pixel from each corner (standard output from OSA). Therefore the computed values include the contributions by any other source inside the photometric aperture. We flagged in Table 5 those sources that might be affected by a nearby star (at less than 1 ′ ), with a potential contamination below 0.2 mag in any case. Other 8 AGN containing a brighter contaminating source within the extraction aperture were not included in this compilation. In addition, for some extended AGN, this 3 × 3 aperture does not cover the full galaxy size, but just their central region.
To only include high-quality data, some selection criteria were applied to individual photometric points. Shots were checked against saturation, rejecting those with long exposures for the brightest sources, if necessary. For faint sources, a minimum signal-to-noise ratio of 3 was required for the longest integration shots. The shortest shots were only used if the signalto-noise ratio was greater than 10. Because these sources can show extended structure in the OMC images, anomalous PSF, as well as problems in the centroid determination, were allowed. Finally, to avoid contamination by cosmic rays, we excluded those points whose fluxes deviate more than 5 times the standard deviation from the median value of their surrounding points, applying three iterations of this filter.
We list in Table 5 the median V magnitude of each AGN, the average of error estimates (1σ level) of each photometric point given by OSA 7, σ V , the luminosity in the Johnson V filter (centred on 5500 Å, effective width 890 Å), the α OX value, the number of photometric points used in the analysis and a flag indicating the potential contamination of the photometric value by a nearby star. The value of α OX is measured as the slope of a power law between the two energy ranges
Here, f O and f X are the monochromatic fluxes at the frequencies ν O (at 5500 Å) and ν X (at 20 keV).
No K correction has been applied to the V luminosities, since the redshifts are relatively low and the optical slope of these objects is not well known. Moreover, depending on the redshift, the V band might be contaminated to different degrees by the OIII and Hβ emission lines. We did not correct for this effect, either.
Optical variability
Among the 57 AGN for which OMC data are available, 3 show strong variability in the photometric V-band data, with an amplitude larger than 0.5 mag: QSO B0716+714, NGC 4151, and 3C 279.
The BL Lac QSO B0716+714 appears as a point source in a low background field and was monitored by OMC during 2 periods, at IJD 3 around 1415 (November 2003 ) and 1555 (April 2004 . This source brightened by a factor ∼ 4 during this period, as shown in Fig. 2 , ranging from V = 14.60 mag to 13.05 mag. Moreover, this blazar also shows a day-scale variability pattern within the two monitoring periods, with an amplitude around 0.3 mag.
NGC 4151 is an extended source, classified as Seyfert 1.5, much larger than the OMC aperture. We detected a clear weakening of its central, dominating region by around 0.5 mag (60% in flux) from 11.15 mag to 11.65 mag between May 2003 and January 2007. Since the optical photometry is contaminated to some extent by bulge stellar light, the variation in the optical emission from the nucleus itself might have been significantly larger.
The AGN 3C 279 was barely detectable around June 2003, with a 2σ OMC detection at V = 17.0. The catalogued value for it in the low state is V = 17.8 mag (O'Dell et al. 1978) . After May 2005, this blazar was clearly detected with a brightness in the range V = 14.8−15.8 mag, indicating that it brightened by up to a factor close to 10 (Fig. 3) . This is a very active source, with optical photometry reported in the range B = 18.3 to B = 11.3 (O'Dell et al. 1978) .
Other AGN monitored by OMC also show some hints of variability, such as 3C 273 and 3C 390.3, but at smaller amplitudes (just a few percent over the period considered). The redshift distribution of the Seyfert type AGN in this sample is shown in Figure 4 . The average redshift is z = 0.03. Figure 5 shows the parameter space filled by INTEGRALdetected AGN in redshift and X-ray luminosity, ranging from low-luminous low-redshift Seyfert as close as z = 0.001 up to the high-redshift blazar domain.
Properties of INTEGRAL detected AGN
To investigate the spectra of AGN subtypes, we derived averaged spectral properties and stacked spectra of the Seyfert 1 and 2 types, as well as for the intermediate Seyferts and the blazars, and according to the intrinsic absorption. The nine brightest sources, two blazars and seven Seyfert, with > 50σ (Cen A, NGC 4151, GRS 1734-292, NGC 4945, NGC 4388, IC 4329A, Circinus Galaxy, 3C 273, and Mrk 421) have been excluded from the statistical spectral analyses because their high signalto-noise ratio would dominate the averaged spectra, and also all sources with < 5σ were ignored. In addition, we excluded the 5 The average Seyfert 1 (including type 1.2) spectral property was constructed using the mean weighted by the errors on the photon indices of 55 ISGRI power-law fit results, the Seyfert 2 composite spectrum includes 44 sources, and 20 objects form the intermediate Seyfert 1.5 group where spectral fitting allowed constraining the spectral shape (Table 2 ). In addition, 11 blazars allowed spectral extraction. When computing the weighted average of the various subclasses, the 11 blazars had a hard X-ray spectrum with Γ = 1.55±0.04 when compared to the 119 Seyfert galaxies with Γ = 1.93±0.01. The Seyfert 1 (Γ = 1.92±0.02) and Seyfert 1.5 (Γ = 2.02 ± 0.03) only show slightly steeper hard Xray spectra than the Seyfert 2 objects (Γ = 1.88 ± 0.02). Table 6 gives the properties of the different Seyfert types. All quantities, except for the photon indices, have been averaged in logarithmic space. For 12 objects, a cut-off power law model gave a better representation of the ISGRI spectra (Table 3 ). The average photon index is in these cases Γ = 1.3 ± 0.4 with a cut-off energy of E C = 86 ± 25 keV.
We get a similar result when stacking the IBIS/ISGRI spectra together. Again, only sources above 5σ are considered here. The spectra were renormalised on the 18-30 keV energy bin before stacking them, re-adjusting the errors on the flux so that the significance is taken into account. The significances for the stacked spectra are consistent with what would be expected based on the single spectra significances, i.e. the 18-60 keV significances are 98σ for the Seyfert 1, 61σ (Seyfert 1.5), 94σ (Seyfert 2), and 148σ for all Seyfert spectra stacked together. The results of spectral model fitting to these spectra are summarized in Table 7 . A simple power law model gives a photon index of Γ = 1.97 ± 0.02 for all Seyfert objects, Γ = 1.96 +0.03 −0.02 for the Seyfert 1, Γ = 2.02 ± 0.04 for Seyfert 1.5, and Γ = 1.89 +0.04 −0.02 for the Seyfert 2 class. In all cases, a cut-off power law improves the fit result significantly according to an F-test (Table 7 ). The resulting model is Γ = 1.4 ± 0.1 with cut-off at E C = 86 
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−52 keV Seyfert 2 galaxies. It should be considered that the latter fit still has a poor quality with χ 2 ν = 2.6. A model that adds a reflection component from cold material to the underlying continuum (the so-called PEXRAV model; Magdziarz & Zdziarski 1995) gives again a better fit in most cases. The underlying continuum shows a similar gradient in the different source classes when not allowing for a high-energy cutoff in the PEXRAV model, so this fit has the same degree of freedom as the one using the cut-off power law. The difference shows up, however, in the inclination angle i and strength R of the reflection component. Here R is defined as the relative amount of reflection compared to the directly viewed primary spectrum. The value of R depends on the inclination angle i between the normal of the accretion disc and the line of sight. The smaller the inclination angle, the larger the resulting reflection component. As the data are not sufficient to fit R and i simultaneously, the inclination angle was set to i = 30
• for Seyfert 1, i = 45
• for Seyfert 1.5, and i = 60
• for Seyfert 2. It is worth noting that the quality of the fit did not depend on the choice of i. The results are included in Table 7 . Using this model, Seyfert 1 and Seyfert 2 show only slightly different underlying continua and a reflection component of the same strength R ≃ 1 within the statistical errors. Seyfert 1.5 objects appear to have slightly steeper spectra (Γ = 2.0) and stronger reflection (R = 3 +5 −1 ). Applying a higher significance level (e.g. ≥ 10σ) for the source selection does not change the results significantly, as shown for all Seyfert galaxies in Table 7 . This confirms that the stacked spectra are dominated by the most significant sources. The result of the fit to the whole Seyfert sample with the PEXRAV model is shown in Fig. 6 .
The classification according to the Seyfert type of the objects is based on optical observations. An approach to classifying sources due to their properties in the X-rays can be done by separating the sources with high intrinsic absorption (N H > 10 22 cm −2 ) from those objects that do not show significant absorption in the soft X-rays. Not all objects that show high intrinsic absorption in the X-rays are classified as Seyfert 2 galaxies in the optical, and the same applies to the other AGN sub-types. Nevertheless a similar trend in the spectral slopes can be seen: the 44 absorbed AGN show a hard X-ray spectrum ( Γ = 1.91 ± 0.02) consistent with that of the 66 unabsorbed sources ( Γ = 1.94 ± 0.02). Using the stacked spectra, the absorbed sources show a slightly flatter continuum with Γ = 1.91
+0.04
−0.03 than unabsorbed Seyfert galaxies, with Γ = 1.97
+0.03
−0.01 . Also here, a cut-off power law has been tested, but comparing it to the simple power law model improves the fit only for the unabsorbed sources. For these sources we derive Γ = 1.5 ± 0.1 and E C = 100 +25 −15 keV, and for the absorbed ones Γ = 1.4 ± 0.1 with E C = 94 +32 −13 keV. Thus, for the different absorption classes we get consistent cut-off values and spectral slopes, although the stacked unabsorbed spectrum is represented better by the simple power-law model with no cut-off. Applying the PEXRAV model shows that the spectra can be represented by reflection models. The fit improves significantly when adding a reflection component with R ≃ 1.5, while the underlying continuum slope is the same as for the simple power law.
A difference between type 1 and type 2 objects is seen in the average luminosity of these subclasses. For 60 absorbed Seyfert galaxies, the average luminosity is L 20−100keV = 2.5 × 10 43 erg s −1 , more than a factor of 2 lower than for the 74 unabsorbed Seyfert with redshift information ( L 20−100keV = 6.3 × 10 43 erg s −1 ). The differences in luminosities are exactly the same when excluding the 5 Compton thick objects. The 16 blazars again appear brighter when assuming an isotropic emission, with L 20−100keV = 10 46 erg s −1 . The latter value has to be used with caution: because the blazar emission is beamed towards the observer, not isotropic but collimated in a jet, blazars are highly variable and INTEGRAL detects them mainly in phases of outbursts.
Discussion

The sample in comparison with previous studies
For the whole population of sources seen by INTEGRAL we observe an increase in the fraction of unabsorbed objects compared to the first INTEGRAL AGN catalogue. Whereas 2 3 of the Seyfert population in the first sample showed N H > 10 22 cm −2 , there are now more unabsorbed than absorbed sources, i.e. only 44% appear to be absorbed. A similar trend has also been observed in the Swift/BAT survey , where the fraction is 1 2 . This trend is expected because with ongoing observations, IBIS/ISGRI and BAT perform deeper studies, which is also reflected in the increase in the average redshift and luminosity of the objects that are detectable. Sazonov et al. (2004 Sazonov et al. ( , 2007 have shown that there is an anticorrelation of the frac- tion of absorbed sources with the X-ray luminosity. In a sample of 95 AGN detected by RXTE, they observed that the fraction of absorbed sources is ∼ 70% for L 3−20 keV < 10 43.5 erg s −1 but only ∼ 20% for objects with L X > 10 43.5 erg s −1 . This trend can also be seen in the sample presented here. Determining the fraction of absorbed Seyfert galaxies in logarithmic bins of X-ray luminosity, we see the trend toward a decreasing fraction with luminosity in the range L 20−100 keV > 3 × 10 41 erg s −1 (Fig. 7) . The fraction appears low though in the lowest luminosity bin (L 20−100 keV < 3 × 10 41 erg s −1 ), but it has to be considered that this luminosity bin contains only 3 AGN, the Seyfert 1.5 galaxies NGC 4258, NGC 4395, and NGC 5033.
The fraction of Compton thick objects in the sample presented here is only 4% (5 objects out of the 135 Seyfert galaxies with measured intrinsic absorption). Although this sample is not a complete one, this indicates further that the fraction of Compton thick AGN is indeed ≪ 10% as already reported in e.g. Beckmann et al. (2006b) and Bassani et al. (2007) . In addition, a recent study based on combined INTEGRAL and Swift/BAT data puts an upper limit of < ∼ 9% on the fraction of Compton thick AGN (Treister et al. 2009) , and one can thus consider most of the Seyfert population detected by INTEGRAL and Swift to be Compton thin. The distribution of intrinsic absorption (Fig. 8) shows that the Seyfert galaxies in the INTEGRAL sample are evenly distributed between 10 21 cm −2 and 3 × 10 23 cm −2 , as already seen in the first INTEGRAL AGN catalogue (Beckmann et al. 2006c) and in the Swift/BAT AGN survey . A significant amount of sources have reported N H values of N H < 10 21 cm −2 . We assigned N H = 10 21 cm −2 to these objects, which causes the peak in the distribution. The claim of two distinct groups resulting in two peaks in the N H distribution as reported by Paltani et al. (2008) appears therefore caused by low number statistics. Although a clear dependency is seen on the intrinsic absorption when dividing the sample in two groups, there is no significant linear correlation with any of the parameters we tested. We summarize the analysis of the correlations in Table 8 . Here the correlation probability is given if larger than 90%. The correlations between Eddington ratio and L X and M BH are intrinsic, i.e. caused by the dependence of λ on these two parameters.
For synthesis studies of the cosmic X-ray background one will have to take into account that both, the fraction of Compton thick and of absorbed sources, appears to be lower than assumed in most models published so far (e.g. Treister & Urry 2005 , Gilli et al. 2007 . Although the average redshift in the INTEGRAL sample has increased significantly since the first catalogue from z = 0.01 to now z = 0.03, INTEGRAL will not be able to probe evolutionary effects. The only possibility of measuring evolutionary effects would be the combination of Swift/BAT data with a deep (∼ 10 Msec) INTEGRAL IBIS/ISGRI field .
A systematic analysis of all BeppoSAX observations of AGN has been presented by Dadina (2007) . Thirty-nine objects from this work are in common with the INTEGRAL sample. Four sources show strong differences in flux by more than a factor of 2 between the measurements, i.e. the Seyfert 2 galaxies NGC 4388, NGC 2110, NGC 7172, and the type 1 radio galaxy 3C 111. All these objects are known to be variable at hardest X-rays (e.g. Beckmann et al. 2007) . In addition, the average flux in the 20-100 keV band appears to be higher in the INTEGRAL data than in the BeppoSAX one. This can be caused by the different time coverage: while BeppoSAX observations are mostly snapshots of the sources with duration of ∆t ≪ 100 ks, the INTEGRAL observations of the AGN have the average exposure of 1200 ks. Thus the data presented here can include some short-term bright states, which would have been missed in most cases by BeppoSAX. In addition, the fluxes presented here are model fluxes, and because more complex modelling is necessary for the BeppoSAX spectra, applying a cut-off and a reflection component in most cases, this leads to lower broadband model fluxes compared to the simple power law model applied here (see also Section 4.2). In addition, there is a systematic difference in the calibration of the ISGRI and PDS detectors, with steeper and higher-normalization Crab spectra extracted for ISGRI (Kirsch et al. 2005) . This explains also larger spectral slope values fitted to the ISGRI spectra, when compared with the values quoted by Dadina (2007) , although the primary reason for the these differences is the simpler spectral model applied to the INTEGRAL data.
CGRO/OSSE (Johnson et al. 1993 ) covered the energy range of approximately 50 − 10 3 keV. It therefore primariliy detected AGN with hard and bright X-ray spectra, which we also expect to be detectable by INTEGRAL. While the first INTEGRAL AGN catalogue listed 24 OSSE-detected AGN not seen by INTEGRAL, this number has now decreased to 10. We list those sources and the IBIS/ISGRI exposure time on the particular AGN in Table 9 . It can be expected that the persistent sources in this list, i.e. the Seyfert and starburst galaxies, will be detected once a significant amount of exposure time is available for these objects.
As expected, only a few objects are jointly detected by INTEGRAL IBIS/ISGRI and Fermi/LAT, according to the bright source list based on three months of LAT data (Abdo et al. 2009 ). These 13 objects are blazars, except for the two radio galaxies Cen A and NGC 1275. The common blazars between ISGRI and LAT are 1ES 0033+595, PKS 0528+134, QSO B0716+714, Mrk 421, 3C 273, 3C 279, Mrk 501, PKS 1830-211, 1ES 1959+650, BL Lac, and 3C 454.3. The group of sources jointly detected by Fermi/LAT and ISGRI is expected to increase significantly through INTEGRAL targetof-opportunity (ToO) observations of blazars that show a flare in the LAT data.
The intrinsic hard X-ray spectrum
The effect that Seyfert 1 and low-absorbed objects appear to have steeper X-ray spectra than the Seyfert 2 and highly absorbed AGN was first noticed by Zdziarski et al. (1995) , based on Ginga and CGRO/OSSE data and later confirmed e.g. by Gondek et al. (1996) using combined EXOSAT, Ginga, HEAO-1, and CGRO/OSSE spectra. A study of BeppoSAX PDS spectra of 45 Seyfert galaxies came to a similar conclusion, although the spectra of Seyfert 2 appeared steeper when considering a possible cut-off in the spectra of Seyfert 1 galaxies (Deluit & Courvoisier 2003) . The difference in the hard X-ray spectral slope between Seyfert 1 and 2 has been a point of discussion ever since its discovery. Zdziarski et al. (2000) considered the anisotropy of Compton scattering in planar geometry and effects of reflection, but came to the conclusion that this cannot be the sole explanation. Beckmann et al. (2006) argued that the difference might be a selection effect, as objects have to have a harder X-ray spectrum to be detectable when strong intrinsic absorption is present. With the growing sample of AGN, this argument does not seem to hold, as the absorption in the energy band > 20 keV is negligible for Compton thin objects, and also the ongoing identification effort of newly detected hard X-ray sources did not reveal a different population than already presented in Beckmann et al. (2006) .
A solution might be provided when considering the effects of Compton reflection on the hard X-ray spectrum, as shown in the previous section. Recent analysis of a sample of 105 Seyfert galaxies using the spectra collected with BeppoSAX in the 2-200 keV band (Dadina 2008) provided no evidence of any spectral slope difference when applying more complex model fitting including a reflection component (PEXRAV). The mean photon index values found for Seyfert 1 and Seyfert 2 samples were Γ = 1.89 ± 0.03 and Γ = 1.80 ± 0.05. The difference between types 1 and 2 is seen in this model in the different strength of the reflection component, with R = 1.2 ± 0.1 and R = 0.9±0.1, and different cut-off energies of E C = 230±22 keV and E C = 376 ± 42 keV, for Seyfert 1 and Seyfert 2, respectively. It has to be pointed out that spectral slope, reflection strength, and cut-off energy are closely linked. The IBIS/ISGRI data have a disadvantage over broad-band data when studying the spectral shape of the hard X-ray continuum, as we lack information about the spectrum below 18 keV. But on the positive side, using data from only one instrument, the spectra do not suffer from the problem of intercalibration factors, which is apparent in all stud-ies using different instruments, and especially when using data from different epochs. In those cases, where spectra are taken by more than one instrument at different times, the flux variability can mimic a stronger or weaker reflection component or cut-off energy (e.g. Panessa et al. 2008) .
The INTEGRAL data show consistent slopes for the spectra of unabsorbed / type 1 and absorbed / type 2 objects already when a simple power-law model is used. When applying the model used by Dadina (2007) to the stacked INTEGRAL spectrum of Seyfert galaxies, we get similar results: the underlying powerlaw appears to have consistent (within 2σ) spectral slope for type 1 (Γ = 1.96) and type 2 (Γ = 1.91) objects and the same reflection strength R ≃ 1.1. The data do not allow to determine the cut-off energy or inclination angle when fitting the reflection component (Fig. 6 ). When fitting a simple cut-off power law, the INTEGRAL data show the same trend as the BeppoSAX sample, i.e. a lower cut-off energy for Seyfert 1 (E C = 86 keV) than for Seyfert 2 (E C = 184 keV). It has to be taken into account, though, that the fit to the Seyfert 2 data is bad quality, and that fixing the cut-off here to the same value as derived for the Seyfert 1, also leads to the same spectral slope. When fitting a reflection model to the stacked data, one gets a consistent photon index of Γ ≃ 1.95 and reflection strength R ≃ 1.3 for both absorbed and unabsorbed AGN. These values of Γ and R agree with the correlation R = (4.54 ± 1.15) × Γ − (7.41 ± 4.51) Dadina (2008) found for the BeppoSAX AGN sample, which, for the INTEGRAL sample with Γ = 1.95, would lead to R = 1.4. This R(Γ) correlation was first noted based on Ginga data for extragalactic and Galactic black holes, leading to R = (1.4 ± 1.2) × 10 −4 Γ (12.4±1.2) (Zdziarski et al. 1999) , which in our case would result in a smaller expected reflection component with R = 0.6 but within 1σ of the value detected here. Absorbed and unabsorbed show a consistent turnover at about E C = 100 keV when a cut-off power law model is applied.
The observed dichotomy of different spectral slopes for type 1 and type 2 objects might therefore be caused by data with too low significance, which do not allow to fit the reflection component, or in general by a strong dependence of the spectral slope on the choice of the fitted model. One aspect that has to be kept in mind is the dependence of the reflection strength R on the model applied and on the geometry assumed. Murphy & Yaqoob (2009) showed recently that their model of a reflection spectrum from a Compton-thick face-on torus that subtends a solid angle of 2π at the X-ray source is a factor of ∼ 6 weaker than that expected from a Compton-thick, face-on disc as modelled in PEXRAV. Therefore, applying a torus model to the data presented here would result in much less reflection strength.
Eddington ratios and accretion rates in Seyfert galaxies
A different approach to search for differences or similarities in Seyfert galaxies is to study the accretion rates. Middleton et al. (2008) suggest that different accretion states lead to differences in the hardness of hard X-ray (E > 10 keV) spectra between types 1 and 2 AGN (type 1 spectra being systematically softer). Using data from CGRO/OSSE, BeppoSAX, and INTEGRAL , they found that the 24 Seyfert 2 galaxies in their sample of hard X-ray selected AGN show an accretion rate (parameterized with the Eddington ratio) in average smaller than that of their 23 Seyfert 1. This effect has also been seen when studying AGN detected by Swift/BAT ). This would be consistent with all accreting black holes in general showing harder spectra at low accretion rates (Laor 2000 , Remillard & McClintock 2006 . The 20 − 100 keV luminosities as derived from the IBIS/ISGRI data were used to approximate the bolometric luminosity. Assuming a canonical photon index of 2.0 for a single power law, the total X-ray luminosity is about L (1−200 keV) = 3 × L (20−100 keV) . Assuming that the first peak of the spectral energy distribution is as strong as the X-ray luminosity, we derive L Bol = 6 × L (20−100 keV) . The Eddington luminosity considering pure hydrogen is given by L Edd = 1.26 × 10
and thus the Eddington ratio is
The Eddington ratio can be computed for 71 Seyfert objects of the sample presented here. The photon index as determined from IBIS/ISGRI data and the Eddington ratio are compared in Fig. 9 . The four AGN on the top left of this figure, with steep spectra and low Eddington ratio (λ < 0.005), are the Seyfert 1 1H 1934-063, the Seyfert 2 objects SWIFT J0601.9-8636 and NGC 4258, and the blazar Mrk 501. There is no significant correlation detectable, even when excluding these outliers. As observed by Steffen et al. (2003) in Chandra data of AGN, it appears that the 2-8 keV luminosity function is dominated by type 1 AGN at high X-ray luminosities and by type 2 at low luminosities. The same effect is seen also in the INTEGRAL luminosity function (Beckmann et al. 2006b) . Connected to this, we observe not only that the absorbed sources are less luminous than the unabsorbed ones, but also that absorbed sources have smaller accretion rates as seen in lower Eddington ratios (Fig. 10) . In agreement with Middleton et al. (2008) results, we find that the average values of Eddington ratio for Seyfert 1 ( λ Sy1 = 0.064) are higher than those found for intermediate Seyfert type ( λ Sy1.5 = 0.015) and Seyfert 2 with λ Sy2 = 0.02 (Fig. 10) , although we do not observe the differences in the underlying spectra, as seen in their study. The same applies for the separation into unabsorbed ( λ (N H <10 22 cm −2 ) = 0.06) and absorbed sources ( λ (N H >10 22 cm −2 ) = 0.015). To calculate the probability that the Eddington ratios of Sey1/unabsorbed objects and Sey2/absorbed AGN are drawn from the same population, we applied a Kolmogorov-Smirnov test. We can reject the null hypothesis (same population), with a probability of false rejection of 0.1% and 3% for the Seyfert 1 -Seyfert 2 and unabsorbed -absorbed objects, respectively. On the other hand, since we do not find a significant correlation between the hard X-ray photon index and the Eddington ratio, we cannot back up the scenario by Middleton et al. (2008) as a way to explain the different spectral hardness of type 1 and type 2 AGN. When studying the effect of radiation pressure on dusty absorbing gas around AGN, Fabian et al. (2008) trace a region in the N H -Eddington ratio plane that is forbidden to long-lived clouds in AGN. In fact, even when the AGN is in the subEddington regime for the ionized gas, it can appear to be superEddington for the dusty gas, hence ejecting the surrounding absorbing clouds. Objects in this region of the N H -Eddington ratio plane could present outflows or show transient or variable absorption. Fabian et al. (2009) tested the predictions of this model using the Swift/BAT AGN sample of Winter et al. (2008) and find a good agreement, with only 1 object lying in the forbidden area, the Seyfert 1.9 object MCG-05-23-016. This object has been shown to exhibit high accretion rates at the Eddington limit . In Fig. 11 we show the regions defined by Fabian et al. (2009) in the N H -Eddington ratio plane and our AGN sample. The forbidden region is on the upperrighthand side of the plot and bordered by an upper limit to N H (for absorption due to dust lanes at few kpc from the AGN centre) and the Eddington limit for the dusty gas when only the black hole mass is considered to be gravitationally important (continuous line) or if also as much mass from intervening stars is included (dashed line). It is important to keep in mind that the bolometric luminosity is a critical parameter in defining the limits of the forbidden area, as different estimates of it can be used. Therefore, using a bolometric correction by a factor of few larger than what we applied here would shift the data points towards higher Eddington ratios, occupying the forbidden region completely. Nevertheless, with the bolometric luminosity we estimate (L Bol = 6 × L (20−100 keV) ), and find 5 objects with a detection significance > 4σ in this area: IGR J00335+6126, MCG-05-23-016, Mrk 766, IC 4329A, and NGC 5506. Out of these, only MCG-05-23-016 occupies the forbidden region also in Fabian et al. (2009) , whereas IGR J00335+6126 was not included and Mrk 766 lacked absorption information in their study, IC 4329A is located close to the border of the forbidden zone, and NGC 5506 is not within this area. This raises the question of whether this region indeed cannot be oc- cupied persistently by Seyfert type AGN, although the 5 objects do display some peculiarities, as described in the following. IC 4329A and IGR J00335+6126 are just above the upper limit N H and MCG-05-23-016 has a complex spectrum with warm absorbers, not necessarily related to dusty gas (Fabian et al. 2009 ). The Seyfert 1.9 NGC 5506 has been identified as an obscured narrow-line Seyfert 1 (Nagar et al. 2002) , which might explain the high accretion rate in this object. And the Seyfert 1.5 Mrk 766 with a black hole mass of only 3.5 × 10 6 M ⊙ (Uttley & McHardy 2005) might be a similar case to the highly efficient Seyfert MCG-05-23-016 . But the small number of objects and the fact that the uncertainty on the Eddington ratio is still rather large do not allow us to conclusively state that strongly absorbed Seyfert galaxies cannot exhibit high accretion rates over a long phase of their lifetimes.
Correlations with optical data and α OX
We show in Fig. 12 the dispersion diagram of L X vs. L V , with different symbols for the different classes of objects considered. While the apparent correlation between both luminosities is certainly driven by the distance effect evident in Fig. 5 , it is remarkable that the different classes of objects, from Seyfert 2 to blazars, are located on the same correlation line, over more than 5 decades in luminosity. Subtracting the common dependence on redshift through a partial correlation analysis, the correlation between the luminosities is still statistically significant, with a correlation coefficient of 0.74 and the probability of a chance occurrence is ≪ 0.01%. To test this correlation further, we made simulations using a bootstrap method (Simpson et al. 1986) : to each couple of X-ray flux and redshift we randomly assigned an optical flux, drawn from the real values found for our sample and without excluding multiple choices of the same value (see also Bianchi et al. 2009 for a similar procedure). We then computed the X-ray and optical luminosities and calculated the Spearman and the partial correlation coefficients for the L X -L V relation and the Spearman coefficient for the F X − F V relation. Repeating this procedure 100,000 times, we were able to build histograms of the correlation coefficients of the simulated samples and found that only 0.001% of the simulated samples have a (Spearman or partial) correlation coefficient greater than measured in the real sample for the L X -L V relation. For the F X − F V correlation, the probability of chance occurrence is higher but still not significant, ∼ 2%. This indicates that the X-ray and optical emissions are indeed correlated, beyond the bias introduced by the common dependence on distance.
To further investigate this relation, we computed the histograms of the α OX values for the different subtypes. We show in Fig. 13 that the peaks of the distributions coincide for the four subsamples, with mean values close to each other (Seyfert 2: 1.14, Seyfert 1.5: 1.13, Seyfert 1-1.2: 1.08, and BL Lac: 1.03). Seyfert 2 and 1.5 nevertheless show an extended wing towards higher α OX ratios. NGC 1068, the prototypical Seyfert 2 galaxy, shows the highest α OX value, 1.38. Because it is a Comptonthick object, this high α OX value can be understood clearly. Other Compton-thick Seyfert galaxies, such as NGC 3165 and ESO138-1, also show α OX values above 1.20. But other objects with high α OX values, such as NGC 1052 and NGC 5033, have low hydrogen column densities; in contrast several objects with high neutral columns, like NGC 3281, NGC 4945, and ESO 383-18, show relatively low α OX values.
As discussed in Sect. 2.3.1, only 3 objects in the sample have shown significant optical variability over the period being monitored (∆V > 0.5 mag). For the blazars QSO B0716+714 and 3C 279, both their L V and L X values have to be dominated by the central AGN, with only a minor contribution by stars in V. This is indeed expected for this type of high-luminosity blazars while accretion processes and bulge stars dominate the V band in less active Seyfert galaxies.
That most Seyfert galaxies in the sample look similar when analysed from the point of view of their α OX value indicates that the true nature of these objects is indeed very similar, thus supporting the unified scenario of AGN. The central black hole behaves very similarly with respect to the host galaxy, independent of the type of object. The classification as type 1 or type 2 AGN would mainly derive from observations of parameters dependent on geometrical effects, such as the profile of the emission lines or of the X-ray emission, but would not be tracing systematic differences in the intrinsic nature of these objects.
A fundamental plane of AGN activity
In the view of unification of different AGN types, it has been pointed out that AGN, spanning black hole masses in the range of 10 5 M ⊙ < ∼ M BH < ∼ 10 9 M ⊙ and even accreting black holes in X-ray binaries with M BH ∼ 10M ⊙ , show similarities in radiative efficiency and jet power versus accretion rate (e.g. Fender et al. 2007 ). This connection gave rise to the 'fundamental plane' of black hole activity. It has been found that indeed there is a close connection between the radio and X-ray luminosity of Galactic and super massive black holes of the form L radio ∝ L 0.7 X (Corbel et al. 2000 (Corbel et al. , 2003 , linking the jet activity to the total output of the central engine. Later on, a connection of these two parameters with the black hole mass itself was found, establishing the fundamental plane of AGN and Galactic black hole activity in the form of L radio ∝ L 0.6 X M 0.8 BH (e.g. Merloni et al. 2003) . The correlation between X-ray luminosity and black hole mass is also common to all objects in our sample, showing indeed that more massive AGN are more luminous (L X ∼ M 0.7±0.1 BH , as shown in Fig. 14) . A similar relation has lately been reported for various X-ray selected AGN samples (e.g. Bianchi et al. 2009 , Wang et al. 2009 , and also in these cases the slope is lower than 1. This could indicate that more massive black holes either have lower accretion rates than less massive objects, or a smaller fraction of their total power is converted into X-ray luminosity (assuming that the bolometric luminosity scales linearly with black hole mass). As reported in Table 8 , a significant correlation is also detected between the black hole mass and the optical luminosity. Only for 8 out of 41 objects might the correlation of L V versus M BH be induced by the method used to estimate the mass, i.e. when deriving the mass from the K-band magnitudes (assumed to represent the bulge luminosity) or from continuum optical luminosity. However, cau- . The correlation coefficient is 0.52 with a probability of non-correlation < 2 × 10 −6 .
tion should be used in general when considering a correlation between luminosity and black hole mass, because possible selection effects or different biases could contribute to the observed correlation in non complete samples. Woo & Urry (2002) argue that, when correlating bolometric luminosity with black hole mass, the Eddington luminosity sets a (soft) upper limit to the luminosities and therefore determines the empty region of the diagram in the upper left corner. On the other hand, the lower-right corner should be populated by low-luminosity, massive black holes that are not included or are rare in the high-energy AGN samples, such as normal or radio galaxies. As discussed in detail in the previous section, there is also a significant correlation between optical and X-ray luminosity. Therefore, as summarised in Table 8 , we found three significant correlations in our sample between the luminosities L X and L V , and the mass of the central black hole M BH . This leads to the assumption that also these parameters, similar to L X , L R , and M BH , form a fundamental plane for AGN. By applying an analysis following Merloni et al. (2003) , we fit the data with the function
We obtain ζ VX = 0.59 ± 0.07, ζ V M = 0.22 ± 0.08, and b V = 16.0, leading to
BH . We show this relation in Fig. 15 . As already pointed out and discussed here and in Sect 4.4, we carefully investigated that the effects of distance and selection effect are not causing the correlation observed here.
While the fundamental plane including the radio and X-ray luminosity can be understood as a connection of the jet activity, as visible in the radio, and the accretion flow, as dominating the X-rays, the correlation found here shows a different connection. The optical luminosity is commonly thought to be dominated by the AGN accretion disc (e.g. Siemiginowska et al. 1995) and therefore by the accretion processes onto the supermassive black hole, but there is also a possible contribution by the jet (Soldi et al. 2008) and emission of the bulge, and therefore of the stars in the host galaxy contributing to it. The latter is especially important as the resolution of INTEGRAL 's OMC camera does not allow a deconvolution of the core and the bulge. Nevertheless it shows that there is a significant bulge-M BH correlation and that accretion processes are closely linked to the mass of the central black hole. The finding that this fundamental plane holds for all Seyfert types indicates further that these AGN are indeed intrinsically the same.
Conclusions
We have presented the second INTEGRAL AGN catalogue, including 187 extragalactic objects. The AGN population detected by INTEGRAL is dominated by Seyfert galaxies in the local ( z = 0.03) universe, with moderate X-ray luminosity ( L 20−100keV = 4 × 10 43 erg s −1 ). Seyfert 1 galaxies appear to have higher luminosities ( L 20−100keV = 10 44 erg s −1 ) and Eddington ratio ( λ Sy1 = 0.064) than the Seyfert 2 galaxies ( L 20−100keV = 2.5 × 10 43 erg s −1 , λ Sy2 = 0.02). Although IBIS/ISGRI spectra alone lack the information about the iron line complex and the continuum shape below 18 keV, they can be used to study the average Seyfert spectra in a statistical way. The underlying continuum of the hard X-ray spectrum appears to be consistent between different Seyfert types, both when a simple power-law model is applied and when considering the effects of Compton reflection. Applying the PEXRAV reflection model with no high energy cut-off, the Seyfert 1 and 2 galaxies show the same underlying power law with Γ ≃ 1.95 and a reflection component of R ≃ 1.1, when applying different inclination angles of i ≃ 30
• and i ≃ 60 • , respectively. Although, when applying a cut-off power law model to the stacked spectra, the Seyfert 1 show lower cut-off energies (E C = 86 +21 −14 keV) than the Seyfert 2 objects (E C = 184 +16 −52 keV), the bad quality of the fit in the latter case and that fixing the cut-off to the value of the Seyfert 1 leads to a similar spectral slope might indicate that the spectra are intrinsically indeed the same. The same differences as for different Seyfert classes are observable when considering the intrinsic absorption: the unabsorbed sources also have higher luminosities ( L 20−100keV = 6.3 × 10 43 erg s −1 ) and Eddington ratio ( λ = 0.06) than the absorbed AGN ( L 20−100keV = 2.5 × 10 43 erg s −1 , λ = 0.015). Also separating the objects into absorption classes, the underlying continuum appears similar when considering the effects of Compton reflection. The mass of the central black hole is on average the same among the different Seyfert types and absorp-tion classes, with M BH = 4 × 10 7 M ⊙ . Also comparing optical to hard X-ray emission, the different Seyfert classes show the same ratio (α OX = 1.1). On average, the hard X-ray spectra of Seyfert 1.5 objects are closer to those of the Seyfert 1 class than to Seyfert 2.
The optical data provided by INTEGRAL/OMC can be used to monitor variability. Strong variability (∆V > ∼ 0.5 mag) is only seen in three objects within the optical sample of 57 AGN, i.e. in the blazars QSO B0716+714 and 3C 279, and in NGC 4151.
The overall picture can be interpreted within the scenario of a unified model. The whole hard X-ray detected Seyfert population fills the parameter space of spectral shape, luminosity, and accretion rate smoothly, and only an overall tendency is seen in which more massive objects are more luminous, less absorbed, and accreting at higher Eddington ratio. An explanation for why the absorbed sources have been claimed to show flatter spectra in the hard X-ray domain when fit by a simple power law can be that the slope of the continuum strongly depends on the fitted model and that Compton reflection processes play a major role here. Considering these effects, it appears that the different Seyfert types are indeed intrinsically the same.
More evidence for the unified scheme is that a fundamental plane can be found between the mass of the central object and optical and X-ray luminosity. The correlation takes the form
BH , similar to what is found in previous studies between L R , L X , and M BH . This links the accretion mechanism with the bulge of the host galaxy and with the mass of the central engine in the same way in all types of Seyfert galaxies. The connection is also apparent through the same optical-to-hard X-ray ratio measured in all Seyfert classes.
Evolutionary effects are likely to be beyond the AGN population accessible by INTEGRAL and Swift. Deep hard X-ray surveys by future missions like NuSTAR, Astro-H, and EXIST will be able to answer this question through deep observations of small portions of the sky. 
Appendix A: Notes on individual sources
We include here all Seyfert galaxies above 30σ IBIS/ISGRI detection significance, all sources showing a complex ISGRI spectrum (Table 3) , and those for which the results found here differ from previous works. Mrk 348: the X-ray spectrum of this Seyfert 2 was studied by RXTE, showing the same spectral shape as reported here (Γ = 1.8) and evidence for a reflection component with R < ∼ 1 (Smith et al. 2001) . Instead of a cut-off power law with Γ = 0.9 and E C = 55 keV as given in Tab. 3, the INTEGRAL data can be equally well represented by a Compton reflection model (PEXRAV) with R = 1 and photon index Γ = 1.8 and no high-energy cut-off.
NGC 1275 presents a very complex spectrum in INTEGRAL data as it includes several components of different physical origin. While the hard X-ray spectrum visible in the IBIS/ISGRI data is dominated by the narrow-line radio galaxy NGC 1275 and its spectrum above 20 keV can be represented by a simple power law model, we observe in JEM-X the Perseus galaxy cluster. An extensive discussion of the INTEGRAL spectrum has been presented in Eckert & Paltani (2009) .
NGC 4051: this Seyfert 1.5 shows a strong reflection component when fit together with soft X-rays, e.g. R ≃ 7 for Suzaku (Terashima et al. 2009) , and R ≃ 6 for combined Swift/XRT and IBIS/ISGRI data , while the data presented here allow only to fit a single power law model with Γ = 2.1 ± 0.2. When fitting the Suzaku data with a simple power law model, Terashima et al. (2009) derive a photon index of Γ = 1.5 +0.3 −0.2 for a low flux state, indicating strong flux and spectral variability. NGC 4151: this bright AGN allows complex modelling beyond the scope of this paper, and we refer to an early INTEGRAL analysis by Beckmann et al. 2005 , to an analysis of BeppoSAX data by de Rosa et al. (2007) , and to a study of the different spectral states by Lubiński et al. (2009) .
NGC 4388: the hard X-ray data of this Seyfert 2 galaxy have been studied by Beckmann et al. 2004 . Their analysis of INTEGRAL , XMM-Newton, BeppoSAX, CGRO, and SIGMA data showed that the hard X-rays spectrum is well described by an absorbed power law with Γ = 1.65 ± 0.04 and N H = 2.7 × 10 23 cm −2 , with no indication of a cut-off or reflection component. The data presented here now show evidence for a cut-off at 80 keV and Γ = 1.3. Recently, a turn over at E C = 30 ± 13 keV with Γ = 0.9 ± 0.3 was also reported in Suzaku data of NGC 4388 (Shirai et al. 2008) , detecting also significant spectral variability.
NGC 4507: this Seyfert 2 shows a reflection component of the order of R = 0.5−1 in BeppoSAX observations and a photon index of Γ = 1.3 − 1.9, while the cut-off energy was not constrained (Dadina 2007) . The IBIS/ISGRI data do not require the presence of reflection, and a simple cut-off power law (Γ = 1.1 ± 0.2, E C = 65 +27 −12 keV) is sufficient (χ 2 = 3.5 for 7 dof). Applying the PEXRAV model without cut-off, we obtained a chi-squared of χ 2 = 6.2 for 7 dof. The value of the photon index and the reflection obtained are Γ = 1.7 ± 0.1 and R = 0.6 +1.5 −0.5 , respectively, consistent with the BeppoSAX observations. NGC 4593: BeppoSAX data of this Seyfert 1 showed a reflection component with R = 1.1 +2.6 −0.5 and Γ = 1.9 ± 0.1 but no evidence for a cut-off (Dadina 2007) . From IBIS/ISGRI and JEM-X data we found that a power law with a cut-off gives a good fit to the data (Γ = 1.5 ± 0.1, E C = 193 +12 −93 keV, χ 2 = 15 for 15 dof). The value of the absorption has been fixed to N H = 2 × 10 20 cm −2 . Applying a PEXRAV model with no cut-off also provides a good representation of the data with χ 2 = 10.7 for 15 dof and gives a photon index of Γ = 1.9 ± 0.1 and a reflection component of R = 1.7 +1.6 −0.8 , both parameters consistent with the results by Dadina et al. (2007) . NGC 4945: the IBIS/ISGRI spectrum of the Seyfert 2 galaxy NGC 4945 (with an exposure of 276 ks) is amongst the six analyzed by Soldi et al. (2005) . In their work the best model to the data is a simple power law (Γ = 1.9 +0.1 −0.1 ), and they give a lower limit to the possible high energy cut-off, E C ≫ 130 keV. Using the new IBIS/ISGRI and JEM-X data we found that a simple absorbed power law does not provide a good fit (χ 2 = 30 for 12 dof) and a cutoff at high energy is necessary. This component improves significantly the goodness of the fit (χ 2 = 3.3 for 11 dof) and gives a photon index of Γ = 1.4
+0.2 −0.2 and a cutoff at E C = 121 +63 −34 keV. The absorption has been fixed to N H = 400 × 10 22 cm −2 . These values are also consistent with those obtained by Guainazzi et al. (2000) , using BeppoSAX data.
Cen A is the only extragalactic object also seen by IBIS/PICsIT. Combined IBIS/ISGRI, SPI, and PICsIT data analysis gave a spectral slope of Γ = 1.80 ± 0.01 (Lubiński 2009) , close to the results presented here. It has been also detected by Fermi/LAT (Abdo et al. 2009 ) and at very high energy gamma-rays by HESS (Aharonian et al. 2009 ). 4U 1344 -60: in Beckmann et al. (2006 the analysis of combined XMM-Newton and INTEGRAL data showed a good representation of the broad-band data with an absorbed power-law (Γ = 1.65) plus a Gaussian component. Applying the same simple model to the IBIS/ISGRI data used here, leads to a steep hard X-ray power law (Γ = 1.9 ± 0.1) but gives a bad fit result (χ 2 ν > 2). Using the simultaneous JEM-X and ISGRI data and adding a cut-off, flattens the spectrum: the lower the cut-off energy, the flatter the resulting photon index (Γ = 1.5 Newton and INTEGRAL data, finding a cut-off power law with photon index Γ = 1.75
+0.18
−0.14 and E C > 78 keV. Fixing the spectral slope for the combined JEM-X and IBIS/ISGRI spectrum to Γ = 1.75, we also get a higher cut-off energy of E C = 214 +73 −44 keV. IC 4329A: the BeppoSAX spectrum of this Seyfert 1 analysed by Dadina (2007) by applying a PEXRAV model showed in several observations a cut-off at energies E C > 120 keV, with a reflection component of R = 0.5 − 1.5 and a photon index of Γ = 1.9 − 2.0. Using the same model for the combined JEM-X and ISGRI data, we get a flatter spectrum, with Γ = 1.6 ± 0.3, E C = 124 (Beckmann et al. 2006a) . Subsequent analysis of the data with improved software showed that the detection of this source was indeed spurious, and we now do not consider this source to be an INTEGRAL detected object.
IGR J16351-5806: this Seyfert 2 galaxy has recently been claimed to be a Compton thick AGN with N H > 1.5 × 10 24 cm −2 ν = 5.8 for 11 degrees of freedom. As the source is located in a dense area, it is possible that the JEM-X data are contaminated by sources within the field of view, especially as the JEM-X data are well represented by a black body model with a temperature of 0.7 keV. We therefore analysed Swift/XRT data of the source. A combined fit of XRT and ISGRI data results
